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Abstract. All the CDs and DVDs that we find in the market 
have a large capacitance. This capacitance states how much 
storage capacity can be stored on the CD or DVD. Several 
studies have been conducted to determine or prove the 
capacitance of CDs and DVDs using laser light diffraction, but 
the measurement process is carried out conventionally, so 
the results obtained are less accurate. This research is an 
experimental study that aims to determine the capacitance 
of CDs and DVDs through red and green laser diffraction 
with the help of digital image measurements. To complete 
this research, the team followed the steps of Project Based 
Learning (PBL) which consisted of 7 stages, namely 
Challenging Problems or Questions, Sustained Inquiry, 
Authenticity, Student Voice and Choice, Reflection, Critique 
and Revision, and Public Product. By following the PBL 
stages, the team succeeded in producing an experimental 
device with good results. The results obtained with digital 
images are then compared with the results obtained 
conventionally to determine which measurements produce 
a more accurate value. Based on the results of the analysis, 
the conclusion is that measurements with digital images are 
better than using conventional measurements. From this 
process also, the team acquired more skills, namely critical 
thinking, problem solving, communication and 
collaboration. 
 













Submitted : 17th September 2020 
Revised : 24th November 2020 








This work is licensed under a Creative 
Commons Attribution-NonCommercial 




Project Based Learning – Ahmas Swandi (108-117)    109 
 
INTRODUCTION  
Project Based Learning (PBL) is a learning method that has been used in various 
universities both in Indonesia and abroad, such as the Bandung Institute of Technology in 
Indonesia and Delaware universities abroad. PBL is a learning method to assist students in 
gaining their own knowledge and skills by providing a workload with a certain time period to 
investigate and respond to authentic, interesting and resolve complex problems, questions, 
or challenges (Buck Institute). Several studies have shown that the use of PBL in learning has 
a good impact on students with regard to understanding concepts and developing skills such 
as collaboration, critical thinking, and problem solving (Al-Tabany, 2017). Research conducted 
by Trianto shows that project based learning can increase motivation and learning outcomes 
by using problems related to certain subjects (Gunawan et al, 2017). In addition, research by 
Gunawan et al shows that there is an effect of project-based learning (PBL) applications on 
students' creativity in learning physics (Candra et al, 2019), but this study only uses virtual 
media or virtual laboratories as a means for exploration, assessment, interpretation, synthesis 
and information. In fact, PBL should encourage students to look for problems, carry out 
investigations with correct scientific steps, apply knowledge and experience so as to produce 
new products or concepts. In learning physics with PBL, students are expected to be able to 
design their own experimental tools to test a concept or product and find scientific 
conclusions in order to obtain new products. 
However, PBL is rather difficult to apply by lecturers in learning because it is difficult to 
apply a balance in providing students with independence and support (Dutch & Nowak, 2004). 
Therefore it takes great support from lecturers to plan and implement PBL effectively, 
lecturers need to provide initial direction and ideas while students need help to organize and 
direct initial investigations, manage their time to complete assignments, and to integrate 
technology into projects with a meaningful way (Dias & Brantley, 2017). 
The PBL method can be applied to various subjects, especially science and engineering, 
one of which is in physics learning such as research conducted by Gunawan who used virtual 
media assisted PBL in physics learning (Candra et al, 2019). Likewise, what was done by 
Chandra et al, who succeeded in producing thermometers using certain materials through 
project based learning. In general, students learn physics by attending lectures using various 
methods in class or reading reference books about related concepts. Although studying 
Physics is theoretically important to make students have a deeper understanding of concepts, 
sometimes this method results in students feeling bored with monotonous learning and not 
exploring the ideas they have, their skills also do not develop, but with PBL , students feel 
they have a big responsibility to explore their ideas, carry out investigations both 
independently and with the team, increase cooperation and communication skills and 
produce a deep understanding because they are obtained in a meaningful and fun way. Some 
examples of the benefits of using PBL are the production of new products or concepts that 
are published in several scientific articles by ITB students, besides that after the application of 
the PBL method to a group of physics students at the University of Delaware, it appears that 
all students have a better understanding of the material. their knowledge and problem solving 
skills are also developing (Candra et al, 2019). 
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PBL is a good method to be applied in learning physics in universities. With PBL, various 
products can be developed and tested so that they can have more use value in society, one of 
which is in schools. Most of the physics concepts have been investigated with certain 
experimental equipment but with different methods and unfavorable results. One of them is 
related to laser light diffraction on CDs and DVDs to determine the capacitance of CDs and 
DVDs with conventional measurements. In this paper, researchers report the experimental 
results using the digital image measurement method. 
RESEARCH METHOD  
This research is experimental-laboratories. The research was carried out on a 
laboratory scale by making experimental devices that were carried out using the Project 
Based Learning method through 7 steps (Al-Tabany, 2017). The object of this research is the 
value of CD and DVD capacity. The objectives of this study were (1) to determine the 
capacitance of CDs and DVDs by means of red and green laser diffraction with the help of 
digital image measurements, (2) to obtain tested experimental device products related to 
laser diffraction experiments with CD and DVD. This product can be used by the community, 
especially in schools as a teaching aid for physics learning. 
Primary data were collected through experiments and laboratory observations using 
pre-designed products. The primary data is the distance between the diffraction patterns, the 
order, the distance between the pits, the distance between the screen and the grid. 
Meanwhile, secondary data is obtained through literature references. The primary data 
obtained were then analyzed using the matlab application by looking for the gradient plot 
between the diffraction pattern distance and the order. From this gradient then analyzed to 
determine the capacity of the CD and DVD then compared with the capacity of the secondary 
data obtained. 
RESULT AND DISCUSSION 
Challenging Problem or Question 
 Currently measuring tools and measurement methods are developing rapidly. One of 
the measurements in physics is the use of rulers and other measuring instruments that have 
different levels of accuracy. The use of measuring instruments depends on the object being 
measured, such as measuring the length of the table and the width of the paper, of course, 
using different measuring instruments. But often the use of manual or conventional 
measuring tools results in inaccurate measurement values, this is caused by several factors 
such as calibration errors and parallax errors or other measurement errors as has been done 
by Hastiani & Toifur (Hastiani & Toifur,2014), Annisa,  (Annisa, 2011), Zander (Zander,2016). 
One of the uses of a length measuring instrument in the experiment is laser light diffraction 
to determine the capacity of CDs and DVDs on the market, the experimental results show that 
the values obtained differ greatly from the values stated on the product. Therefore, during 
physics II learning, we were challenged by lecturers and tutors to complete the project to 
determine the capacity of CDs and DVDs through laser light diffraction with digital and 
conventional image measurements. The main question that our team has to solve is how to 
construct a laser diffraction experimental device on CD and DVD with measurements using 
digital images? Do you get better results when compared to the use of conventional 
Project Based Learning – Ahmas Swandi (108-117)    111 
 
measuring instruments? We found this particular question to be very precise, interesting and 
very challenging for our team. 
Sustained Inquiry 
 Various questions are asked; deep investigation is needed to answer those questions. 
The first important point to investigate is what is laser light diffraction? Diffraction of light is 
the event of spreading or bending of waves by a narrow gap as a barrier. Subsequently 
diffracted waves interfere with each other resulting in areas of strengthening and weakening 
(Susilayati, 2016). Any object that has a narrow gap is able to diffract the light hitting it like a 
CD or DVD. If some parts or layers on a CD and DVD are removed they can be penetrated by 
light. Both the CD and DVD the surface has a number of pits through which the incoming laser 
light waves can be reflected. Each color of laser light has a different wavelength. The use of 
these two types of light colors certainly results in different measurement data. 
 The next question is how to obtain research data. What parameters need to be 
measured so that the capacity of CDs and DVDs can be determined? To determine the 
capacitance of CDs and DVDs, measurements were also made of the object's average distance 
to the screen (l), the distance of the holes (d), the area of the pit (A), the number of pits. These 
data are measured conventionally and with digital images. The data obtained can then be used 
to determine the capacitance of the CD and DVD. Why should I use digital images? 
Measurements with conventional measuring instruments often produce errors, both errors 
from the measuring instrument itself and errors by people who use the measuring instrument. 
Image is a function of light intensity represented in a two-dimensional plane. Based on the 
form of the constituent signal, images can be classified into two types, namely analog images 
and digital images. Analog image is an image formed from analog signals that are continuous, 
while digital images are images formed from discrete digital signals. 
 Digital image is a representation of the light intensity function in discrete form on a 
two-dimensional plane. The image is composed of a set of pixels (picture elements) that have 
coordinates (x, y) and amplitude f (x, y). The coordinates (x, y) show the location / position of 
the pixels in an image, while the amplitude f (x, y) shows the value of the intensity of the 
image color. Digital image representation and its constituent pixels. The results of the analog 
image are converted first into a digital image so that it can be formed, processed, and 
analyzed to produce information that can be understood by humans using computer 
applications (Ningtias et al, 2016).  
 Systematically, the arrangement of the laser beam diffraction experimental equipment 
is shown in Figure 1. The components required are green laser with and red, blank CD and DVD 
with a capacity of 700 MB and 4.7 GB respectively, a static ruler, screen tape and a camera. . 
The experimental procedures are (1) Peel off the surface of the labels on CDs and DVDs. (2) 
Peel off the polycarbonate layer covering the surface of the DVD label. (3) install a series of 
experimental equipment as shown in Figure 1. (4) Turn on the laser and set it so that the light 
is perpendicular to the surface of the CD / DVD. (5) Observing and measuring the distance of 
the patterns formed on the screen. 
 Due to the hole (narrow gap) on the surface of the lattice, the laser beam will 
experience diffraction and will be detected on the screen. The distance between the grids (d), 
the distance between the diffraction pattern (y) and the distance between the screen and the 
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grid (L) can be determined using a conventional measuring instrument or an analog image 
measuring instrument using a camera which is then converted to a digital image and analyzed 
using a computer application. Measurements with digital images are carried out using the 
imtool (image tool) feature in the Matlab application. Measurement with digital images is 
carried out as comparative data, because conventional measurements with a ruler are usually 
prone to measurement errors, whether it is caused by inaccuracy of measuring instruments, 
or errors in measurement methods, etc. 
 
Picture 1. array of laser light diffraction experiments 
 The next question is, why use 2 types of laser light, namely green and red laser light? 
On a CD / DVD Player, to read data on these objects you can use a red or green laser, for 
example for a DVD using a reddish colored laser with a wavelength of 650 nm. In other words, 
the DVD capacity calculation will most likely be close to its true value using a red laser. 
Likewise with a CD that uses a green laser, the calculations will also be more accurate if you 
use a green laser. The use of 2 types of color laser light with different wavelengths will provide 
more data and the process of making conclusions from research results easier. In Figure 2, the 
experimental process is carried out in a room with low light, this is done to obtain a brighter 
diffraction light beam. Laser light is directed to the CD then continued to the DVD and then 
the measurement is carried out using 2 methods. After that, laser light with other colors is 
used. 
Authenticity 
 After the data through the measurement of 2 different methods were obtained, then 
an analysis was carried out using the matlab application to determine the gradient of the 
relationship between the distance between the y diffraction pattern for the y-axis and the n 





So the gradient (b) between the distance of the diffraction pattern formed on the screen (y) 
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The gradient obtained will be used to determine the closest pit distance (d). With the CD to 
screen distance value (l) obtained, the pit area and the number of pits can be determined 
assuming one pit corresponds to the distance between the pits. Because 1 byte = 8 pits, the 
capacitance of CD or DVD is the number of pits divided by 8. The following is a graph of the 
distance relationship between the diffraction pattern and the order for CD with two different 
measurement methods. 
 
Picture 2. The graph of the distance relationship between the diffraction pattern (y) and the 
order (n) for CD for measurements with digital images with a gradient value of 0.2148. 
For example, the graph of y against n for CD using a green laser with conventional 
measurements and assisted by digital images, the gradient values are 0.24 and 0.2148, 
respectively. Then the data obtained for the parameter values are as follows 
Table 1. Value of each parameter by 2 different measurement methods 
Parameter Conventional Measurement Measurement with digital images 
Distance of CD to 
Screen (l) 
40x10-2 m 40x10-2 m 
Pit Distance (d) 8,867x10-7m 9,907x10-7 m 
Pit Area 6,171x10-13 7,704x10-13 
Amount of P it 6,996x109 5,604x109 
Kapasitansi 874 MB 700 MB 
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By performing the same analysis method, the capacitance value of CD and DVD is obtained 
using diffraction of 2 different laser colors. The CD and DVD capacitance comparison data 
between conventional measurements and digital image measurements are as in the following 
table: 
Table 2. Conventional and digital image measurements 
Object 
Green Laser Red Laser 
Conventional % Error 
Digital 
Image 




CD 874 MB 24,8 700 MB 0 1087 MB 55,28 1018 MB 45,42 
DVD 2600 MB 44,68 2721 MB 42,10 4664 MB 0,76 4697 MB 0,063 
 
Listed CD and DVD capacities (reference value) are 700 MB and 4700 MB, respectively. 
By using this data, the percentage error is obtained. From the analysis, it was obtained that 
the smallest error percentage was on CD using green laser diffraction with digital image 
measurements, namely 0%, while for DVD, the smallest percentage error was using red laser 
diffraction with digital images, namely 0.063%. These results indicate that the measurement 
using digital images is much better than conventional measurements. This is because the level 
of measurement accuracy with digital images is much greater than conventional 
measurements. The low accuracy of conventional measurements is caused by several factors, 
namely the inaccuracy of researchers in making measurements manually. 
Student Voice & Choice 
While carrying out this project, our group as project actors made decisions based on 
our knowledge and information from the literature. For example, (i) laser color selection is 
based on reference information that CD and DVD players can use the green and red lasers; (ii) 
to obtain accurate measurements, we decided to use an analog image using a camera and 
convert it to a digital image using the matlab application; (iii) to obtain data on capacity, it is 
necessary to obtain the gradient plot value between the distance between the diffraction 
pattern and the nth order. The ideas and decisions developed by our team above make project 
participants feel more involved in the process. Each idea is conveyed first to the lecturer in 
the course of the course. 
Reflection 
During the project period by applying PBL Standard Gold developed by the Buck 
Institute of Technology, we learned many things either as a team or individually, (i) PBL made 
learning fun, memorable and interesting and there was deep interaction in the form of 
questions and answers between lecturers and team as well as between teams with other 
teams. The concepts, methods, products we get are thoroughly tested. This is in accordance 
with the opinion of Canra et al which states that with PBL, lecturers and tutors or challenging 
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the team to do challenging physical activities in the laboratory so that the learning process 
feels more meaningful than just learning theory (Al-Tabany,2017). (ii) The gold standard PBL 
that we follow can improve problem solving skills. We learn how to collect data to find the 
most effective and efficient solution to a problem. This is in accordance with Thomas's opinion 
which states that project-based learning is a learning model that is able to teach students 
about the process of solving various problems from initial information. Initial information was 
obtained from students followed by giving questions to a higher level so as to train students 
to analyze the answers to these questions and train students to solve problems. Harper cites 
the focus of project learning on an in-depth investigation process that involves a long and 
rigorous question and answer process, using resources and developing answers; and focus on 
open-ended questions to understand and attract students' attention in capturing the project 
(Harper, 2014). Muskania & Wilujeng said that PBL begins with giving problems that lead to 
the final product that will be produced by students (Muskania,2017). (iii) The project team is 
also trained to improve critical thinking skills. Initial problems and questions were obtained 
and consulted by experts so that it raises many new, quite complex questions. The team was 
asked to be able to think critically about these questions. This is in line with Hendrik & Ihtiari's 
opinion explaining that the project-based learning process in an application supports the 
development and improvement of students' critical thinking skills (Pratama & 
Prastyaningrum, 2016). Furthermore, Sumarni stated that through projects, students do not 
need to memorize any theory or equation (formula), but rather analyze and think critically by 
analyzing information collaboratively to solve problems through the project (Sumarni, 2015). 
This pragmatic approach concentrates more on process than content. 
Besides, Collaborating with the team during project learning is a very important 
activity. Collaboration is one of the characteristics of working on projects with the aim of 
helping students exchange ideas and communicate. As said by Astawa, Artini, & Nitiasih who 
explained that the project learning stage trains students to be active and think creatively and 
to be involved in collaborating on projects (Astawa et al, 2017). Project-based learning allows 
students to gain a deeper understanding of the material by collaborating and using their ideas 
(active construction). Social interaction allows students to work with others to build shared 
knowledge. Williams explained that project-based learning provides opportunities for 
students to be actively involved during learning and opportunities to learn new soft skills such 
as skills such as collaboration, communication, and negotiation (Williams, 2017). Rashid, & 
Bakar stated that communication and teamwork skills are skills that can be trained through 
project activities (See et al, 2015). Harper continued that PBL is an important element that can 
train 21st century skills, one of which is communication skills [13]. The last stage of project-
based learning is to evaluate the project activities that have been carried out. Based on 
experience, the team feels happy and motivated in making the project they have completed. 
Students gain more new knowledge and skills during project completion while feeling 
challenged to complete the project. This is as stated by Sumarni that one of the advantages 
of using PBL in learning is that it can increase student motivation (Sumarni, 2015). 
Apart from the points above, the PBL method has also succeeded in training students 
in several soft skills, which include the ability to decide and consider something to evaluate 
the progress of work and also to develop critical thinking. In addition, PBL also provides 
valuable experience to how to be guided by experts to find problems and solve them with 
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scientific steps. With the various reflections mentioned above, our team hopes that these 
abilities can be useful for the individual development of each project participant, as well as for 
further developing the products we design in the future. 
Critique and Revision 
During project work, our team received quite a lot of criticism and suggestions from 
lecturers, experts and tutors. These criticisms and suggestions are for the benefit of our 
current project, as well as future development. Some of the criticisms raised by lecturers and 
tutors are: (i) to be more accurate, the amount of data about the distance between the 
diffraction patterns for each order is more so that the resulting gradient is more accurate; (ii) 
data collection should not only be from one side (point) on a CD or DVD so that it can be used 
as a comparison when getting bad data; (iii) In addition, our team has been criticized for not 
including the error percentage of CD and DVD capacity during the question and answer 
session in class. Criticisms and suggestions obtained were then accepted and the process of 
improvement was carried out. 
Public Product 
The products produced in this Project Based Learning are called "laser diffraction 
experimental devices on CD and DVD". This device was successfully assembled with a fairly 
small error measurement. The next process that must be passed to implement PBL Gold 
Standard is the presentation of products that have been produced in public. Our team 
prepares slide presentations and ensures the readiness of experimental devices developed 
for demonstrations in front of lecturers, experts, tutors, and fellow students. The final 
product of this project can be used by the community, especially in laboratory-based physics 
learning (experiment). The products obtained in this project can be retried both in schools 
and colleges. 
CONCLUSIONS 
The laser diffraction experimental kit on CD and DVD has been successfully 
manufactured following the seven steps of the Standard Gold PBL method. The capacity of 
CDs and DVDs can be determined by laser diffraction experiments assisted by digital images. 
The capacity value obtained is very close to the true value (reference). In addition, through 
the use of the PBL method in completing projects, we have succeeded in enhancing critical 
thinking, communication, collaboration, and problem solving skills. 
REFERENCES  
Al-Tabany, T. I. B. (2017). Mendesain Model Pembelajaran Inovatif, Progresif, Dan Konteksual. 
Prenada Media. 
Annisa. (2011). Laporan Proyek Fisika Modern: Difraksi Laser oleh CD. Jurusan Fisika UIN 
Sunan Gunung Djati. Bandung. Retrieved from   
https://id.scribd.com/doc/76640489/Difraksi-Laser-Oleh-CD-Proyek-Fismod  
Astawa, N.L, Artini, L.P, & Nitiasih, P.K. (2017). Project Based Learning Activities and EFL 
Students’ Productive Skills in english. Journal of Language Teaching and Research, 8(6), 
1147-1155. 
Project Based Learning – Ahmas Swandi (108-117)    117 
 
Buck Institute, What is Project-Based Learning? Retrieved  from 
Candra, R., Flaminggo, N., Natalia, A., Yuliza, E., & Khairurrijal, K. (2019). Making Counter 
Clockwise Analog Thermometer Under Project-based Learning Method. Journal of 
Physics: Conference Series, (1), 1-7 
Dias, M., & Brantley-Dias, L. (2017). Setting the Standard for Project Based Learning: a proven 
approach to rigorous classroom instruction. Interdisciplinary Journal of Problem-Based 
Learning, 11(2), 
Duch, B., & Nowak, E. (2004). Problem-Based Learning and Physics: Developing Problem Solving 
Gunawan, G., Sahidu, H., Harjono, A., & Suranti, N. M. Y. (2017). The effect of project based 
learning with virtual media assistance on student's creativity in physics. Cakrawala 
Pendidikan, (2), 167-179. 
Halliday, Resnick, Walker. 2010). Fisika Dasar Edisi 10. Jakarta: Erlangga . 
Harper, A. (2014). Using Project Based Learning to Develop Student’s Key 
Competence. Europe: Europe Schoolnet. 
Hastiani, Y., & Toifur, M. (2014). Pengukuran Indeks Bias Air Melalui Eksperimen Kisi Difraksi 
Keping Compact Disc (CD). Jurnal Materi dan Pembelajaran Fisika, 4(1), 1-6 
http://sustainableschoolsproject.org/sites/default/files/What%20is%20Project-
Based%20Learning.pdf    
Muskania, R. T., & Wilujeng, I. (2017). Pengembangan Perangkat Pembelajaran Project-Based 
Learning Untuk Membekali Foundational Knowledge Dan Meningkatkan Scientific 
Literacy. Jurnal Cakrawala Pendidikan, 36(1), 34-43. 
Ningtias, D. R., Suryono, S., & Susilo, S. (2016). Pengukuran Kualitas Citra Digital Computed 
Radiography Menggunakan Program Pengolah Citra. Jurnal Pendidikan Fisika 
Indonesia, 12(2), 161-168. 
Pratama, H., & Prastyaningrum, I. (2016). Pengaruh model pembelajaran project based 
learning berbantuan media pembelajaran pembangkit listrik tenaga mikrohidro 
terhadap kemampuan berpikir kritis. Jurnal Penelitian Fisika Dan Aplikasinya (JPFA), 6(2), 
44-50. 
See, Y. G., Rashid, A. M., & Bakar, A. R. (2015). The Effect of Project Based Learning on Level 
of Content Knowledge of Pre-Vocational Subject. Mediterranean Journal of Social 
Sciences, 6(6 S4), 369-375. 
Skills in All Students. Retrieved from https://www1.udel.edu/pbl/PBL2004/files/physics-
pbl2004.ppt  
Sumarni, W. (2015). The strengths and weaknesses of the implementation of project based 
learning: A review. International Journal of Science and Research, 4(3), 478-484. 
Susilayati, M. (2016). Difraksi pada Laser: Tafsir dari" Cahaya di atas cahaya"?. Shahih, 1(2), 193-
205. 
Williams, S. (2017). Investigating the allocation and corroboration of individual grades for 
project-based learning. Studies in Educational Evaluation, 53, 1-9.  
Zander Mausloff. (2016).  Experimental Determination of the Storage Capacity of a CD. Physics 
and Astronomy Department. University of San Fransicso. APS/123-QED. Retrived from 
https://www.researchgate.net/profile/Zander_Mausolff/publication/303401629_Experi
mental_Determination_of_the_Storage_Capacity_of_a_CD/links/5740c5b608ae9f741b
34e3fc/Experimental-Determination-of-the-Storage-Capacity-of-a-CD.pdf  
